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Abstract 
The subject of the article is to present the possibility of applying artificial neural network in analysis of observational 
data on the issue of simulation concrete supplies in construction industry. Neural networks allows a quick and efficient way to 
model phenomena at different levels of complexity. They can be used both in processes of well and poorly structured problems, 
knowledge of which is limited. The advantages of neural networks were transferred to the possibilities of defining probability 
distributions of individual tasks in cyclical building processes. 
The article presents the problem of concrete supplies for construction site, its elements and parameters which describe 
the process. The use of simulation in decision-making system was also demonstrated. One of the stages of creating simulation 
models is the adoption and verification of probability distributions that describe the elements of the system. In order to learn and 
predict the characteristics of probability distributions neural networks were used, that enable in the efficient and effective manner 
the implementation of further stages of simulation modeling. The article presents the results of applying the neural network and 
approach that enables their use. 
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1. Introduction 
The simulation is one of  approaches that assists design of production processes. Due to the complexity of 
construction processes, the search for approaches and techniques that will facilitate decision-making is 
understandable [2,5,8]. In order to take into account risks inextricably linked with the organization and management 
of construction processes it is possible to use simulation modeling. 
One of the examples of the construction processes is the process of supplying and pouring concrete on site. 
A seemingly simple manufacturing process that occurs practically in all projects connected with construction of 
buildings, shows the usefulness of simulation which increase efficiency. Depending on the number of the input 
parameters, the capacity and efficiency of the process of concreting is determined and thus the possibility of 
controlling this process by the appropriate choice of the equipment and its quantity. The research carried out under 
real conditions made it possible to obtain data  connected with the time (in minutes) of the journey, time of day or 
night, route (distance in km, as well as the amount of traffic on the route), the capacity of the truck mixer (expressed 
in m3) or smooth course loading (the waiting time for loading, a queue phenomenon). 
 Based on these characteristics, using available software, the simulation model was defined. One of the 
stages of its creation was the adoption and verification of probability distributions that describe the elements of the 
simulation. 
One of the effective simulators, as well as effective and intelligent are artificial neural networks. A fast and 
efficient way to model phenomena at different levels of complexity. They can be used both for well-structured 
problems, as well as poorly structured problems, about which our knowledge is limited. One of the steps in the 
preparation of artificial neural network for use in modeling is a process of learning. Basic algorithms require 
learners to dispose of sample data. In the analyzed example, data from the processes of examples of actual 
observation were used. The same neural networks were used for purposes of defining probability distributions.  
2. Using the simulation in the construction process 
The analyzed simulation of construction processes, also developed at [1.13], may supplement hybrid decision 
support system, consisting also of the knowledge base of the previous processes. One of the stages of simulation 
modeling is to identify the probability distributions of individual tasks that make up the production process. By 
collecting data from experiments and previously stored jobs, it is possible to use the knowledge and apply it to 
subsequent similar processes. 
The authors presented in the article example of the use of simulation in the supply and laying of concrete mix on 
site. This process consists of the following tasks: (Fig. 1) [10, 11]: 
 Loading concrete mix in a concrete mixing plant, 
 Transport mix to the construction site, 
 The study of the concrete mix, 
 Laying the concrete mix, 
 washing truck mixer, 
 Back of the truck mixer to concrete mixing plant. 
During the process, queues of concrete mixers against individual tasks  can occur, as well as interferences.  The 
simulation process should be good protection against those issues. The analyzed process was examined in terms of 
parameters characterizing by its performance [4]: 
1. Type of the element  (Slab=SLA, Wall=WAL, foundation=BAS, other=OTH)  
2. Temperature (-15oC- EL, from -14 oC to -5 oC- L, from -4 oC to -0 oC- HL,  from 1 oC to 5 oC- LM, from 6 
oC to 15 oC- M, from 16 oC to 25 oC- MH, over 26 oC- EH)  
3. The weather (sunny, cloudy, rainy, Snow, Rain)  
4. Capacity of concreting (0- 9, 10- 19, 20- 29, ..., 340-349,over 350 [m3]) – capacity of structural element, 
5. Capacity of concrete truck (6- 8- L,9-10- M, 11- 12- H [m3])  
6. Amount of concrete trucks (1-5- L, 6- 10- M, 11- 15- H, pow. 16- EH [szt.])  
7. Time of delivery (6:01- 9:00, 9:01- 12:00, 12:01- 15:00, 15:01- 18:00, 18:01- 6:00); 
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Fig. 1. Delivery of ready-mix concrete. 
 
Using the derived parameters analogy can be found and the knowledge form database can be used during 
design a subsequent process. The decision can be supported also by using simulation, through which it is possible to 
analyze the process of translating reality into a simulation model, and thus to protect against disruptions during the 
process, contributing to delays in the implementation of objects [6]. In the example, two simulation programs were 
used: MicroCyclone and Flexsim. For the analogical process, its performance can be kept by reducing the amount of 
concrete mixer trucks (while maintaining the same amount, queues tasks are formed , increasing the delivery costs 
of concrete to construction site). 
To present a simulation model, it is necessary to collect data about the individual tasks during the process, and 
then determine the probability distributions. This operation is very time consuming. The use of artificial neural 
networks is justified as complex calculations can be avoided in this way. (Fig. 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The scheme of using the neural networks in the construction process simulations. 
 
The first observations of the process will help to teach artificial neural network to recognize the probability 
distribution based on similar cases. If similar process will be found, schedules of the previous processes can be used. 
With the new case, which did not happen before, schedule has to be designated to supplement database with another 
data.  
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3. Artificial neural networks – general characteristic 
Artificial neural networks are one of techniques of artificial intelligence. Inspiration for construction of an artificial 
neuron and artificial neural network was a biological cell - neuron, which appears in the nervous system and creates  
phenomenon of perception, interpretation and inference. The biggest development of neural networks came with the 
development of the basic network learning algorithm - an algorithm of back propagation in the 80s’ of the last 
century. It was a milestone for researchers allowing wider use of neural networks in the scientific world. Previously, 
artificial neural networks and artificial neuron had significant limitations and, despite the promising start of its study 
at the beginning, it stood at a standstill. Today, artificial neural networks are widely and willingly used as modeling 
tools ranging from simple to complex problems where the degree of recognition level is relatively low. Also in 
construction sector neural networks have demonstrated their usefulness. 
Successful implementations in issues of structural mechanics and construction [15] and the issues of technology and 
design concrete mixes [3], as well as management issues [7, 9, 12] are the best proof of it. Neural networks operate 
in several classes of problems: the issues connected with prediction, classification and time series. In carrying out 
these tasks they often serve as a simulation tool - effectively and efficiently. Properly selected, prepared and learned 
they are able, based on the inputs (new, previously presented) with high accuracy, to define output signals. 
This is an example of inference, where accumulated knowledge about a certain degree of generalization included in 
taught network, can accurately define the output state, during the meeting with the new state of the problem. For this 
to happen it is necessary to carry out the process of learning of neural network. It is a classic approach, because 
beyond it there are neural networks, which due to its characteristics do not require the learning process. However, 
these networks have a narrow range of applications. The most common neural networks are multilayer perceptrons. 
His versatility was proved in many issues, which is why the authors used these as first in modeling concrete supply 
issues. 
4. Case study 
Application of artificial neural network in the simulation problem of the supply of concrete mix was limited to the 
partial problem associated with the determination of the probability distribution for the times of journeys  of 
concrete mixer trucks. This was done  due to the difficulties and time-consuming classical approach involving the 
determination of these distributions. The assumption used for this task to use artificial neural networks required to 
define the first type of network, determine the abundance and availability of the set, which can be used in the 
learning process and further activities related to learning and tuning the network. 
Previous author's experience in modeling neural authors shows, that the weak point of modeling is the availability 
and further the size of a set of cases that will be used in the learning and verification process. There are different 
ways to facilitate the removal of the negative effects on small numbers of cases collection. It has to be mentioned 
that the neural network learning process is fundamental for the subsequent quality. Insufficient number of cases or 
poor quality and credibility of the possible samples will have serious consequences for the future of the network. 
Example of this situation may be occurring in neural networks GIGO rule (Garbage In Garbage Out) indicating 
relationship between quality issues of responses/output data and quality input data. 
In the presented case study Multilayer Perceptron was selected. Also the measurements of the travel time of concrete 
mixer trucks between the concrete plant and the construction site were available. For these journeys classical 
approach was used to define probability distribution. On the basis of time statements the following characteristics 
were calculated: 
- arithmetic average, 
- standard deviation, 
- median, 
- variation coefficient. 
The above-mentioned characteristics were representatives of travel times and were used directly for the definition of 
the neural network inputs. The output of the network has become a classifier that assigns a set of characteristics for 
the type of probability distribution. Such made definitions of sample measurement times determined the input and 
output layers of artificial neural network. As a result, the multilayer perceptron was composed of four inputs (four 
input neurons), and one output terminal, wherein due to the encoding of output, which could take two-state values, 
output was constituted by two neurons (two types of distributions were defined: beta, and normal). Number of 
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neurons in the hidden layer was determined empirically in order to seek a network of the best quality. 
The learning process was based on the classic back-propagation algorithm, and learning simulator (STATISTICA 
Data Miner Statsoft) tools and mechanisms were used to improve the quality of learning (ie. Randomisation). Up to 
1000 epochs of the learning process were defined, and stop conditions of the learning process was to obtain the best 
quality of learning and validation of the network. During performance tests several cases of network overfitting 
phenomenon were found, which resulted in the automatic disqualification of such a network. Finally, obtained 
results are summarized in Table (Tab. 1) 
 
Table 1. Results obtained in the ANN  MLP 4:4-10-2:1 learning process 
 
 
These results are related to the learning process network. As seen from the presented characteristics, network of 
relatively good quality was obtained. Confirmation of this should be reflected in the results obtained in the test 
sample. Conducted tests showed quality indicators and in fact, the percentage of correct classification of 80% for 
beta distribution and 75% for a normal distribution were observed. These indicators are lower than those obtained in 
the learning process, but in large part this is due to a small testing set. 
 
Learning graph [11.MLP 4-10-2] 
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Fig. 3. Learning graph for MLP 4:4-10-2:1 for learning (blue) and testing (red) sets. 
 
Graph of dependence of the error of the duration of the learning process presents the behavior of the learning curve 
and test curve. Although the course of these curves is not perfect and there are places impairments there is clearly a 
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tendency of converging decrease in error. In the authors' opinion, with increasing the sample size and the diversity 
of the types of distributions it is possible to get much more interesting results. It should be noted that currently the 
results cannot be considered as final and they are only prompted to continue research from the observation of the 
neural simulation. 
 
 
Fig. 4. Dependency 3D graph for input: arithmetic average and median and output: distribution (accuracy of classification). 
5. Conclusions 
Presented supply problem of the concrete mix is essential for the accuracy and efficiency of core processes 
progress at the construction site. Concrete is still a basic material used for erecting buildings and engineering 
structures. The material is sensitive to external factors. Observing the process of concreting and the connected 
processes and related to it offers a real possibility to develop the simulation tool through which the coordination and 
control of concrete processes will be improved. The article presents the detailed issue related to an attempt to 
application of artificial neural networks to simulate the delivery process of the concrete mix. Proposed approach was 
the result mainly from the efficiency and flexibility of neural networks. The obtained results are promising. At this 
stage it is impossible to  clearly determine whether the approach is correct, or requires correction because of too 
modest population of collection cases. Only after its expansion and using alternative preprocessing techniques [14] it 
will be possible to discuss the benefits of using artificial neural networks. Reconfiguration of inputs for network will 
be also possible, taking into account more variables. Analyzed case demonstrates the ability of the neural network to 
classify in terms of the probability distribution. 
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